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ABSTRACQCT. This study presents o methodology for
wupdating the fJinite clement anodel of a stracture using
an incomplete set of expevimentolly oblaied modal fre-
quencies and modeshapes. The model updating problem
involves e least squares minimization of the modal dy-
namic force balonee vesiduals subject to gquadiabic -
cquality constraints. The measure of fil and constivints
properly account for the measurcment and modcling er-
vors in the wmodel updating. The finite element model of
the Tnterferometyy Progrone Bepeviment 1PIX-11 oo
structure is updated using wodal lests oblamed from pre-
Jlight modal copeviments. The seusitivity of the up-
dated model 1o the structural paramelerization (model
substracturing) and the number and type of measured
wmodes considered in the model updating methodology is
caploved. Siguificant improvements i the updated mod-
els are observed for all cases conusidered. The adequacy of
the chosen pavomelerized class of finite clement models
of the IPEX-TT stracture is also delermined.
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1. INTRODUCTION

The need formodel updating arises in the process (117
constructing atheoretical 1110 delof astructute Iyorde
{o improve the accur acy inyhe mode Tresponse predic-
tions. the pre-test finite cle nietw maodel of a stroe ne iy
apdated 1o mateh available dyvnamic test data The gene
et al problem of structur gl oclel ppdating, involves the
seleetion of the model from a paratpeterized Ciss of mod-
el s that provides the hest fit 1o the measut od dynamic
data as judged hy an appropriately selectog m(-n.\'m'(' of
fit. Yhe parameters involved in the updating are strue-
tut al stiffness and mass properties, including, boundary
conditions as well as fixity conditions at the stroctural

joitts. The following, are the di fliculticyg associat ¢d witl

this inverse problem: 1) the chosen elass of paramnetric
finite element models is not representative of the #Ctual
structural hehavior 1o] all possible values of the mociel
parameters; 2) the measived gyyamic data ave contami-
nated by measnt qppent €rvor; 3) (e set of observed DOV
is usually a small subset of thie set of Mo del DOV due
to the Inited nvruber of sensors used or due to lim-
ited accessibility within a strocture; and ) the nuanber
of identifiable modes of vibration is much less than the
nutnberof 111001 1 DOV duetolarge MGasurement noise
for higher modes, liited handwidth in the vesponse and
Lhardware imitations. Asatosult, st'11Ctilt~11 wmodelap-
dating, is a challenging problen which may also lead to
non-unique solutions andill-conditioning [1-1].

In past years, several studies have been devoted in ree-
onciling finite element models with MCasured time his -
tory ot madal data (e.g. [1,3,5-13]) Fach method he iy
its own 4 vantages and shot teoings and there is no ac-



ceptable methodology for suce sslully treating, the model
hould ac-

updating problent. A model updating, method
count for measurement and modeling, errors, as well as
properly incorporate available prior information ahout
the possible range of variation of the system pavameters.
Model updating methods based on Bayesian statistical
inference show great promise for properly accounting,
for measurement and modeling errors, as well as prop-
erly addressing, many of the difliculties encountered in
he model updating problen, especially those associated
with non-unigueness and model (response) prediction ac-
CuUracy E.:;.ﬁf:.

A modal-based model updating, methodology was re-
cently developed [11.12] that conmbines available node-
shape expansion techuiques [15,16] with updating capa-
bilitics for predicting, both the location and size of crrors
i1 the pre-test finite clement model of a structure. Other
model updating methodologies based on various mode-

[9,10,14]. Ap-
¢ methodologices were focused on struce-

shape expansion ¢an be found in reference
plications of the
tural damage detection and structural health monitor-
ing. These techniques, which use the modeshape com-

< 10 be determined by the data,

ponents as unknown
have the advantage of avoiding the problem of identi-
fying the correspondence hetween model and measured
modes. Moreover. the computation of modal frequencies
and modeshapes of the finite clement model is avoided.
Also. the expanded modeshapes can he used for element
strain energy easures 1o predict potential damage loca-
tions or locations of errors i the properties of the finite
clement model [11.15].

In this study, the model updating, imethodology proposed
in [11] s first outlined and then applied to update the
pre-test finite clement model of the TPEXATD structure,
The best model ont of a chosen ¢lass of the finite elemnent
obtained by cmploving different parameteriza-

models
tions and by considering, diflferent number of modes in the
~ Based on the updated models

model correlation studie
obtained for the different cases, recommendations are of-
fered as to the source of the diflerences and the action to
be taken for improving further the quality of the model
and the reliability of the model response predictions.

2. MODEL UPDATING METHODOLOGY

A class of lincar structural models is used with global
mass and stiffness matrices M(#) and K () assebled
frot the clement (or substructure) mass and stiffness
matrices, respectively, using a finite element atalysis.
The set @ includes the uncertain parameters of the model
{0 be assipned values during the search for the opti-
The parameter set f may represent mass

mal model.
and stiflness properties at the elanent or substructure

lovel, Pxamples of finite element properties that can be
included in the parameter set # wre: modulus of clas-
ficity, cross-sectional arvea. thickness, moment of inertia
and mass density of the finite elements comprising, the
modal. as woll as spring (translat ional or rotational) stifl-
used to model fixity conditions at joints or hound-

NESSCR
avies. For convenience. the paratneterization is chosen
auels that the pre-test finite clement model of the struce-

tire corresponds 1o 6= L
Mathematically, the model updating, problem Is state
s o conshained minimization problem (.2

Mt
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where 1_:23 - r,»w.‘,;:\:vm:: is the modal dynamic foree
balance residuals, ar is the nnnboer of measured mode

o; and ¢, are the experimentally obtained i-th modal
frequeney and modeshape of the stracture at the mea-
N »

sured odel degrees of freedomac il = ol

ST e I i an appropriately selected weighting matrix
which scales the contribution of each mwode in the mea-
cure of fit (1), and P is a constant matrix of zevoes and
ones such that ¢, = Py

The proposed ineguality constraiuts (2) provides flex-
ibility in improving the fit between model and mea-
sured modal data over the space of the parameter set
auremnent ervor in

f by accounting for the expected me:
the mode-shape campounents, with a; controlling, the ex-
pected magnitude of these errors. For example. the ex-
freme values of a; = 0 and a; = correspond to
the cases of perfectly reliable and completely weli-
able modeshapes, respectively. In particular, in the case
«; = oo the modeshape measurements for the ith mode
are ignored in the formulation.

The weights I are celected to make the i-th modal o

,:23. ;.S:ASX:: in the overall measure of it (1)
non-dimensional. The preferred choice 1s [11]

1

- K ONOM@OK ) (3)

Under the assumption of perfectly correlated expanded
and model mode-shapes. the modal measure hecomes
proportional to the fractional diflerence between the
squares of the model and measured modal frequencic
for mode i, weighted by the scalar A [14]. This equiva-
Jence provides insight into the problem of specifying the
weights /3 Specifically, from a Bavesian statistical point
of view, the weights 3 in (1) and a; in (2) reflect the




magnitude of thetneasurementeryors expected  1)CIMCCli
the experiinental and modal frequencies and modeshapes
for cach mode, respectively. The size of these errors can
be computed from a statistical analysis of moasurcment
data takoy from mudtiple mod al test analyses.

Thie unknown gnantities involved in the proposed mea-
sure of fit (1) include, inaddition to the mo del paraane-
ters . the components of the vector ¢, of the contribut-
ing modes at both measur ed and U casured model de-
proes of freedonm. The opt hmal vect o ¢, 0 =1,
resulting from the minimization is the expanded mode-
shapes which are consistent with the measured modal
data and the updat ed model.

The optimizationin (1) and (2) canbe perfortned using,
available inegnality constaint optimization techuigues.
However, this is a complex and time-consuming, non-
lincar optimization problem. A more convenient two-
step iterative procedure 18 used which avoids some of
the compu tational di fliculties avising in the congtrained
winimization of (1) and (2). The details of this pro
cOdure are presen ted in references {] 1.12.1 5]. I'Irst, ex-
panded modeshapes are (o111 1pit 7@ by solving the con-
straitied mininization problem given the caryent moclel
of the structure at the b-th iteration step, correspond-
ing to the current optimal value of the paramet oy set #
designated by %% The robusiness andreliability of the
modeshape CXPansion technique for predicting the mode-
shape (0111 PP11(1115 atinmneasuted points have 10711 sue-
cossfully evaluat ed in a previous st udy using act ual ex-
periment al data obtained on the Jet Propulsion Labora-
tory micro-precision interforometer truss [15- 17} Com -
parcd with other modeshape expansion techniques, the
least squares minimization technique with quadratic in-
cquality constraints wWa s found 10 provide the most re-
liable mode shape estimates, even in adverse situations
of significant MCa surement and mod ef error. Used wit h
clomont serain cnergy Measiyes, it hias il so boendemaon-
st rated t () predictsignificant modeling, error locations
that conld be 11 S(,(1 asaguide inupdating the class of
finite elerent models cinployed in tels model correfation
studies [17].

In the second step of the two-step iterative procedure,
the paraiticters of the model are npdat ed using the lat
ity

1 :]‘ -

; .
shapes. The optiial values gk b corvesponding to t he
-t 1 iteration ave obtained by the solution of anuncon-
strained minimization problent Sinee the updated finite
clement model obtained at the b+ 1 iteration confaingin -
accuracies @11¢ tothe factthatthe expand edmodeshapes
are hased on aninaccurate mod el ohtavitied at the previ-

estestithates ¢ . omof tho compl ete maode-

ous iteration k. the two step procedure is repeated until
convergence is reached.  Specifically, the iterative pro-

coess is terminated wlhae o gé o g / gh e gl
where fol is auser-specified threshold level, 1t can be
shown that til P optimal solution & and ¢; obtaiued from
the iterative two-step procedure is also the optimal soli-
tion of the original ineguality constrained minimization
probiem described by equations (1) and (2).

3. APPLICATIONTOIPEX-11STRUCTURE

The 1P EX-11 boom structure is a 2.3 m nine-bay
three-div nensional ABLE Deplovable Articulated Nast
(ADAN) with graphite-cpoxy mast boom and steel ca-
bles supplicd by AT<C- ABLE. Tne. The ADAN-Mast is
constructed from graphite-cpoxy longerons and battens,
15-5 1'11 stainlesssteel 110(1% andlatchiassembles, and
Cress 302 wire vope. The weight of the TPE N-T1F boom
Details of the
structu ral connection at the ma in nodes are shov vp in
Figure 1. The strue ture is schematically shown in Fig-
ure 2.

structure is approx hoately 31 pounds.

In the modal test configm ation, the ADAN-Mast bare
truss was considered inits cantilever position with the
fixed end sitnlated by attaching the fom mast /steat in-
terface points of the ADAM-Mast hare trass to a fixed
mounting fixture bold ed to two tracks onaniassive gran-
ite table. The granite table was supported to the ground
by fowr wooden blo cks. The free end of the mast was at-
tached to arvigid 0.7-in thick alwminum plate of 15.62
pounds. A dostailed deseription of the stracture along
with the modal test deseription and setup (i@ 11 be found
in [18]. A total of 58 accelerometers were used i the
modal test 1 he aceeler onieter locat ions and ot fent a-
tionsare silo\\'11 inFigure 2and they were selected bas od
on a pre-test angdysis and engineering judg ement

The class of finite elenent o dels of the structure was
chosen using, engineering experience to represent in sufli -
cicnt de tail the hehavior of the connections at the node s
aswellas adequately 1110 (@ (1 some of the local modes
expected in the frequency range of inter est. Speciti-
cally, ciach of the longeron and the batt en members were
miodelled by seven and fow beam eletents, respectively.
Pachdiagonalsteel cable was 11120¢ 1¢ '2( @ by founmass-
less bearn elent ents. The polley conmection (Figure 1(a))
was 1101C1c@ asasingle 110a¢ withalumpedmass. The
connections at the joints, shown in Figare 1(h), were
modelled in detailusing plate (JI(HICtits. Concentrated
masses were added to the mainnodes of” the till ssto ac-
count for the structural mass from the plate and beam
elements. The alumimon plate attached to the frec end
wasmodolled by five plate elements. The resulting finite
clement 110201 hasd 111 degreesof freedom.

The geometrie nonlinem stiffuess due to the large preload



on ”l(\(h“%"”;‘]ﬁl CC1 (.“‘)l(n\‘ was also considered 1”'1“”.
beain elemnents (1)111})1'151{1%111(' h“”_(‘ (\1(‘1.”(‘“‘ I“()(l(‘]: ¢
stiflness yeduction due the large axial ].’“'l(‘"'(l in the
; in the model-
b rllllf'l('ln('ms\\'ns {01111(1 10 beimportant
ing, ¢f the correct micro-dynamic hehavior 01 the strae-
])1'()])Xi'l‘l( wwever, varlation of the ]n'('l(m(l values of ip-
. NEWD « .
iately 2()73()/ anomit ,}l‘\'elhl(‘ of the 3(k) pounds
(o 1101 havencheffectonthe lohal 1.\.(]()111 1110( 3;'s. How-
everthevdo 1¢ '11(2 to affect the localhending, ™ odes 4
and 5 reported in Iable 1.

2T I 1311618 wa

I'he finite element el % 1A (et “_’11(“'};11-(\\' o
freedon using, Guyan reduction [19].To VU iy that the
reduction does not significantly “]1;\[(}“..‘1‘ hamics o f
the model in the frequeney pange (2)0 interest . the lowest
modal frequencies in the vav - 10-200117 of the 10 (111 (°((1
model were comput ed and cothpal ed o {he modal fie-
quencies of the original 5 11 1-DOT model. A very gdt!
agrecment With 3 e range of 1 was onscr veq forall

. Lo cor mo de Aing :
modal frequencies sidered in the delupdat I\I'I-L, and
over @ wide range ¢ fnominal 11100 (1 parameter “Nues.
11 is “‘S()El.\"\'lllll(‘(lth;n ”l(' Sil'll(" ure \\']H ave lhl"“l‘l_\'
within the 1S vibration | (N I'his assutption was
vibratl 1( 1‘\.
alese avlidated experimentally {18}

) generat
Simulatedmodaldata edfromthe1PENAI nopng
sttucture were first ux(i_d to assess the strengths, L
at, OV oy S wo-ton ters
ons,and N Sran P (n-m;m('(‘ of the two-step 11(11(1»
t'.l\"‘ ])10(1(1(1111(n lll\'()l\'(\(lnlth(- NPODOSC (! 1110(1 (1 U (H_
H'%m('lll()(l()llt)};,\'il'l'(sl;lli(mt()th(‘ 111111111 (1 n‘ moeasured
1110 (1( . b G 100 ion of” sensors, ASWC las 1111111 -
betandiype of 1110(1 (1 pararete ]l"‘\."(:“?l\(\ sinlated
studies perforned with shinulated noise-comt
IR LN, : the model atine MO \
hata 77 ve shown ”f“‘m;m ;1('('1‘1‘11'251(”“[;“ & ”'(()((,],(,)l“("'\
s aceptableglat ce. cyv,and st VOT-
pencee. 1ese ed gtudies provide valuable jocioh
i““,””\“\v’)(\“{-1[10(1(,1l);l]'illll(\l(xl.\.” couldberelisibly

identified from the modal test data.

aminated

1

Comparisons hetween the l‘()l(’—l('Sl ;|1|;\\)'li(';llm“(l(*! and
the testdatapevealed t e \(‘csxi.l_\v for l'lp(l“ti“?",‘h(“”lf"
Yical magel. One s11011 update involving, as I).(llilll‘(:l( 1y
the "Modulus of (‘l;lSli(‘it)i"l?f ”l;-‘(-‘(,)(l,lﬁ(‘]““ menmb  ang
the stiflness of the steel hleis " edin (18], 10 11(
R cdmodelin[18] is furthe ugedin this study asthe

noniinal pre-test model.

‘1i11(’ fe )“()\\'hl}; 1110(1 ('1 ]);11‘21“1(‘1(‘l’s;n'/l*‘ I"l‘(“f(’tls(’.ll to heup-
dat ¢ For cach bay, the 1[10(1('1 ])EH‘ sincludethe
axialand D nding, stiffuess o he Jongeron and the bat
ten menbers, the axial stiffness of the steel © e ani
the (‘()H('(‘]lfl"(\l('(l mass modeling, the lsl('(‘l (';ll)](‘/})ll”(‘_\
connection. Considering, the fact that cach bay has he et
constructed o beident ical in theory with all nine bays,
the Y alues of the six model piwameters of any one ol

correlat .
ed with the corre-
sponding, values of all mpm bayvs. 'J'hi‘s limits the num-
paraietel updat tot
l).(l of themodel Stohe o 1_10»;] oA nr
SIX parameters. fxtensive preliminary studies with hoth

the bayvsare taken to 1) fully

simulated i‘n(l test data Dve revealed that for the vange
paramet vy a1 vt ion 1
of et eV M es considered. the modal prediction re-
sults Psed oo the HP““]‘"“ wodel are insensitive 10 the
. Y
flexung sttt s ONEET  hembers and the axi
a ness of the t s and the axjal
N1 TP yoatt T heref ' -
stiffness of the P G menibers. I herelor (R themo du
v Noret it of ) halfen111( " 111Dets,
ac of clasticity of th(‘l(mg(”un;m(l the ;\'( ('}(uw 1
signated DN #and O spectivelyg it Lento
. N T'her v § N e le
be updated. The othertwo paraneters S d o thg
el P aneten setare 1l n lus .
110¢ At setare the odulus of elasticity (){|1l‘;(‘
steel cable and the mass at thepulley connections, 40 -

ipnated by and . respectively.

NModel updating, 16 sult were obtained for vavions sub -

et i S gy nuimbe .
struct nrng, cases and for flerent N 1(,[]““(1(\»\‘(“]“

G oo n .
sidered in l.h( wdel updating, l“(‘”m)(‘ll(r)'ll(l)ﬁ(\;' Specitically,
the cases of three andfour 1[10(1(1 pate erswere !
sidered. Moreov e | the Ca8Gg of ypatching modal data
. . . ., Jov w N
from five, seven, nine an](l‘l “1amoa (s were explored
RPN T updat . resull compat
separately and mogle! . pat |

! © frotwe ne ed.
1rors en the model and exnerpmental
data are used to judge the 4Ua ity of the update for cach

S were
Frequencey

Case. 13 110S( 1110(17211 {'1'(*(111('11«.\'m,(,min-(.J.Q“-..il.'lmll,l,l‘

¥ f HIFRTH . v almoda ¢
1 fo1 the different ¢ases ('xz.nngu(\(l. J‘u optitna ¢
p arameten s gre also shownin Table 1oy € ach casc.

Fora Gyven baramet Lo oof four 1110(1 (1 param-
£ erization (thre i ]

Gl s), theupdated model {"“‘}‘1 to be CCPCqdent on

’Jl"l(‘ 11111111 )(1 of “1()(\(‘5"““5'(1(-1(-d inthe 1110 wdelupdat iy,

: . he depene
1 aualit ofF e fitis also found to Lonton the
b of inode . there fenbede
1 it ('()ll,\'l(l(‘l(‘(l.ln}_),(‘ll(\]'“L .
ofl hetween the improved guality of the fit over 5 wider
range, ¢ 0 eriorat e o1 Some
ANLC L odes and the detenoration of the gy Tor some
of the lower MO s For CXityple. m(u\;mngt]“.mnnl,m

(.)i ‘“(,)d,("\ from seven o nine pesults inanin
iy of fit over 13 modes for the three pari
over nine Mo des for the fom parameter casc. However

the quality of ihe fitfor the torsional mode 3 deteriorates

woved g
f]( ('}lH((‘!‘lill{llll(l

'l

for both cases of three and four 1poer PATAMCICT

]‘“('l(l‘t“:\"_“F,”l(‘llllllll’(.‘l of paraweters from till’(C( tofow
resuttsatta Sll}‘lﬁl‘rlll“?l\ improvement of the quality of
the fit of the " odes (-(nm'l‘l('l'(‘( - Torthe case of seven
. . MO ] pats "
modes, increasing, the e lelPaTay poterste-
sults in a considerably fmproved fit over almost all 13
modes. including, the modes 10 to 13 that are not sed
it the 11O ¢t con' ‘l“ti(m.]’(n the case of nine modes, no
huprovement in the guality of the fit is observed forthe

modes10 to13

T o JINO 1y .
Phe largest variation 0 the O del parameters s ob-
cet ved for the gdulus of elasticity of the batt en ele-



ments to be in the range of 0,395 to 1.03. The smallest
variation is observed for the mass at the pulley whichi is
found to be approximately very close to 0.85 its nom-
inal value.  This 16% apparent decrease in the model
mass accounts for the simplified modelling, of the cable
and the cable/pulley connection. Incorrect modeling, of
the preload which was not included as a model pavan-
eter also has an effect on the value of the concentrated
mass at the pulley. The modulus of elasticity of the
insensitive to the mumber of modes

longeron members i
used for the case of four parvameters. However. for the
and for 5 and 7 modes, its op-

case of three parameter
{inal valne deercases by approxitnately 10
mal stiffuess of the steel cables is approximately 0.95 its
nominal value for up to seven maodes, and decrcases to
0.89-0.85 its nominal when 9 and 11 modes
cred. The variation of the tiffness of the steel cable is
Joss than 10% over all cases considered.

.. The opti-

are consid-

Large variation in the model parameters as well as rel-
atively poor it observed in Table 1 for different pavani-
elerizations and diflerent umber and type of modes
included in the analysis are due to measurement and
modeling errors. Modeling, errors include the inaccurate
modeling of the structural conections at the major trass
nodes. the simplified modeling, of the cable/pulley assem-
bly. the variation of the pre-load values that have been
meastred in the cables, the degree of fixity of the joint
and the translational and rot ational fixity of the base of
anite table/ground.

the structure to the g

Tests of the components or cub-structures of the IPEX-TI
bootn are expected to provide amore reliable finite ele-
ment model for the cach component which can be used
to built up a more reliable finite element model for the
1PEX-11 structure. This component-test procedure has
been carried out for the Micro-recision Interferometry
(MP1) truss structure and resulted in a significant imn-
proved finite element model of that structure [17]. Based
on the results of the cwrent analysis, similar tests are
recommmended to be carried out for the components as
well as the sub-structures (bays) of the 1PPEN-T1 boom
in order to better anderstand the beliavioy of the struc-
{ural joints, the preloaded axial steel cables/pulleys as-
semnblies, and the degree of fixity of the joints and the
base of the structure with the granite table. These ad-
ditional tests will enable us to develop more detailed
high fidelity finite clement models that will cor iderably
improve the prediction accuracy of the model over the
whole frequency range identified by the test data.

4. CONCLUSIONS

The proposed model updating methodology was found
to have acceptable performance and accuracy, as well

s [ast convergenee, even for relatively large-size struc-
tural models like the one considered in this study. Using
measured modal data obtained from test of the 1PEN-T
bootn structure, significamnt improvements in the updated
model of the structure are ohserved. Yor the given set
of modal test data, the clas:
found 10 bhe adequate for predicted the measured modal
properties of certain types of modes. However, over the

of finite element model s

whole frequency range meastured in the test. there are
modes that could not be adequately matched by the class
of models and the parameterization cons idered. This is
due 1o both measmrement and modeling ervors. Fest-
ing, of the IPEN-TTat the component or sub-structial
lovel is recommended for improving further the (uality
of the updated model and the reliability of the model
yesponse predictions ovel the whole range of measured

modal frequencies.

The model updating techuique has been tmplemented
in matlab to enhance the capabilities of the Integrated
Modeling, of Optical Systems (INOS) software package
developed at Jet Propulsion Laboratory. Currently. the
mmethod is capable of updating the stillness and mass
of Targe complex stractures consisting of truss.

propertic
bean. and plate clements.
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Figure 1. IPEN-1T Structure; (a) Stecl Cable /T'ul ley Conncction. (b) Batten/Longeron Joint
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Figure 2: IPEX-1I Structure with Accelerometer I ocations

Table 1: Results of mo ing: iation i
i - del updating; Variation in terms pf number of model parameters and number of
TEST MODEL MODEL MODEL MODEL MODEL MODEL—
DAT 4 3P4R 3PAR 3PAR 4 PAR 4PAR 4PAR
— 5MODES | 7MODES | 9 MODES | 7MODES 9MODES _| 11 MODES
Mode # Freq Freq. Freq. " Freq. Freq: Freq. Freq.
& type (H1z) Frr. % Frr—% _Err. % Err. % Trr. w Err. %
HB1) 191 03 2.4 0.1 03 04 | 03
2 (B1) 19.2 0.5 20 | 03 =0:00 e - -0.7
[ 3an_ | 32s 02 |02 | =29 0.02 4.1 -4.7
4B | 112 57 5.0 -6.7 -1.2 06 13
5 (B2+) 71.7 62 |56 12 -1.§ 13 -29
6(B2) | 1052 | 05 1.1 23 0.02 0.3 -0.9
7(R2-) | 1054 -0.s 0.9 s (.2 0.04 I
8<(T2) 10s.9 10:3 10.5 6.7 1.2 64 55
9(X1) 136.5 6.5 246 07 95 02 | 27
10(B3) | 1825 8.5 1.4 || —49 5.1 5.0° 3.6
11(B3) 183.4 8.0 10.s 44 46 45 31
12(T3) | 1909 9.3 107 99 4.9 9.8 7.5
TI3X2) | 2033 | 78 9.7 R 2.9 54 43
~ Parameter Values for the Optimal Model o ]
o 15 122 123 1.24 1.24
930 0.857 0.848
0.655 0.523 0.489
(1.0 O 0838 0.865




